Preterm birth (PTB, < 37 weeks) is the most common pregnancy complication, affecting 10% of the U.S. births and is the leading cause of perinatal morbidity and mortality. Concentrations of high-density lipoprotein, low-density lipoprotein, and very lowdensity lipoprotein particles (HDL-P, LDL-P, and VLDL-P, respectively) and markers of systemic inflammation were quantified using nuclear magnetic resonance spectroscopy and related to PTB. Results Women with PTB had lower VLDL-P (À 10.66 nmol/L, p ¼ 0.03) and higher systemic inflammation (þ 19.2 µmol/L, p ¼ 0.02) compared with women with term births, independent of race, pre-pregnancy body mass index, and smoking. Black versus white women had lower VLDL-P and higher HDL cholesterol (both p < 0.05). Race-specific results indicated that large HDL-P and inflammation (glycoprotein B) were higher with PTB versus term birth among black women only. Conclusion Women with PTB had lower VLDL-P early in pregnancy, which may represent impaired lipid response. Black-white differences in the lipoprotein profile are similar to nonpregnant adults, but race-specific lipoprotein and inflammation associations with PTB warrant further study.
and inflammatory markers also differ by race and may contribute to race disparities in PTB.
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Normal pregnancy is associated with profound changes in maternal lipoprotein metabolism to support placental steroid hormone synthesis and the nutritional needs of the fetus. However, emerging evidence indicates that elevated lipids before or during pregnancy may be associated with PTB risk. [7] [8] [9] [10] [11] During gestation, low-density lipoprotein particles (LDL-P) tend to shift from large to smaller, denser, and more atherogenic and proinflammatory particles. 12 Small LDL-P are higher in preeclampsia and in obese women, 13, 14 and both preeclampsia and obesity are leading contributors to indicated PTB. In cardiovascular research, concentrations of lipoprotein particles (e.g., total and small LDLs and high-density lipoprotein [HDL] ) provide insight into risk for disease beyond traditional measurements of total lipid concentrations, particularly when triglycerides and inflammation levels are high. 15, 16 In the setting of high triglycerides and excess inflammation HDL particles (HDL-P) and LDL-P become smaller and cholesterol depleted, causing the concentration of HDL-P or LDL-P to be discordant from the concentration of cholesterol (LDL-C or HDL-C). 16 Pregnancy is a potentially susceptible time for this discordance given the rapid elevations in triglycerides and excess inflammation seen in normal gestation. Therefore, we considered that higher lipoprotein particle concentrations and smaller lipoprotein particle size assessed in maternal plasma collected before 18 weeks' gestation would be related to PTB. We also evaluated two novel markers of systemic inflammation, glycoprotein A (GlycA) and glycoprotein B (GlycB), that quantify enzymatically glycosylated acute phase proteins. In addition, a priori, we hypothesized that associations may vary by maternal race given the race differences in PTB and lipid profiles.
Materials and Methods
Women in the current study were enrolled in a larger prospective cohort designed to investigate the role of maternal nutritional influences on PTB (2004-2011, Pittsburgh, PA). Women aged 14 to 50 years who were free of chronic hypertension, diabetes, renal disease, and rheumatologic disorders carrying singleton infants were eligible. Women were enrolled before 18 weeks' gestation and nonfasting maternal serum and plasma were collected. The Institutional Review Board of the University of Pittsburgh approved the protocol and all participants provided informed consent. Within the larger cohort (n ¼ 674), we identified all women enrolled after 2007 who had serum lipids measured and had plasma available for quantification of lipoproteins (n ¼ 225; 33.4%). Of these, we selected all the cases of PTB (n ¼ 22) and 2:1 randomly selected controls (n ¼ 44). Sample was insufficient to quantify lipoproteins in two women, thus final sample include 22 cases of PTB and 42 controls (n ¼ 64). When compared with women in the larger cohort, the women included in this analysis were not different according to age, race/ethnicity, pre-pregnancy body mass index (BMI), and education (all p > 0.10).
Plasma lipoproteins were quantified using nuclear magnetic resonance (NMR) spectroscopy by LipoScience. 17 Using spectral analysis, the composite lipoprotein signal is decomposed to give the signal amplitudes (and particle concentrations) of several VLDL, LDL, and HDL subclasses. Interassay coefficients of variation for HDL-P and LDL-P were < 4%. We also evaluated the lipoprotein insulin resistance score which is a weighted composite of the six parameters that are particularly sensitive to the metabolic changes associated with insulin resistance. 18, 19 Two biomarkers of systemic inflammation, GlycA and GlycB, that quantify global glycosylated protein burden were measured by NMR spectroscopy. They represent levels of O-and N-linked glycoproteins; GlycA includes β-D-Nacetylglucosamine (GLcNAc) and β-D-N-acetylgalactosamine (GalNAc) and GlycB includes α-N-acetylneuraminic acid (NeuNAc, aka sialic acid). Between-run precision of GlycA and GlycB levels was < 4%. Serum total cholesterol, HDL-C, LDL-C, and triglyceride concentrations were determined enzymatically (Pointe Scientific). The inter-and intraassay variabilities were < 10 and < 5%, respectively.
Gestational age was based on the best obstetrical estimate using last menstrual period and ultrasounds early in pregnancy. PTB was defined as delivery before 37 completed weeks' gestation. Cases were further classified as spontaneous (those following spontaneous onset of labor or preterm premature rupture of membranes) and medically indicated. Women completed a structured interview and reported race, age, smoking status, and parity. Race was self-reported as nonHispanic black, non-Hispanic white, or Asian (Chinese or Japanese). The 13 women who reported their race/ethnicity as Chinese or Japanese were excluded for the race-specific comparisons due to small numbers. BMI (kg/m 2 ) was calculated using reported pre-pregnancy weight and measured height.
Lipoprotein particle concentrations and mean size were compared according to PTB status, and according to maternal race using t-tests or Wilcoxon rank-sum test when not normally distributed. These were adjusted for pre-pregnancy BMI, race, and smoking using linear regression. We replicated analyses in women with triglycerides above the sample median (> 78 mg/dL) to explore the possibility that lipoprotein differences (discordance) from lipid levels would be exacerbated in the setting of high triglycerides. We calculated Spearman's correlation coefficients among all lipoprotein variables, pre-pregnancy BMI, and gestational week of sample collection to characterize early gestational changes. Lipoproteins were also evaluated according to race-PTB groups using linear regression. We considered a two-sided p < 0.05 as significant, and did not account for multiple comparisons given the exploratory nature of our study and the modest sample size.
Results
In plasma collected on average at 9 weeks' gestation (standard deviation: 3.0; range: 5-18), the concentration of total LDL-P was higher with later gestational week of sampling (r ¼ 0.34, p < 0.01; ►Fig. 1). In contrast, LDL-C was not associated with gestational week in these samples
The only other marker correlated with gestational week was triglycerides (r ¼ 0.43, p < 0.01).
Among traditional cholesterol-content measures, triglycerides tended to be lower among women with preterm compared with term births, but total, LDL-C, and HDL-C levels did not differ by PTB status (►Table 1). Women with subsequent PTB had lower concentrations of total VLDL-P in the first trimester (35.2 vs. 45.7 nmol/L; difference À 10.5; p ¼ 0.02; ►Fig. 2, panel A), due to significantly fewer small VLDL-P which made up more than 80% of total VLDL-P. The difference in total VLDL-P among women with preterm versus term births was 10.66 nmol/L (p ¼ 0.03) after adjustment for pre-pregnancy BMI, race, and smoking. Of note, this adjusted estimate was similar to the unadjusted difference. No other lipoprotein subclass particle counts or size differed according to PTB status.
GlycB, a measure of sialic acid and a marker of systemic inflammation, was higher in women with subsequent PTB compared with those with term births (157.3 vs. 139.4 µmol/L, p ¼ 0.02). This early pregnancy preterm-term difference was unaffected when adjusted for BMI, race, and smoking (19.2 µmol/L, p ¼ 0.02), and again, was almost doubled when limited to women with triglycerides above the median (33.6 nmol/L, p ¼ 0.03).
Finally, we considered the potential effects of race on our results. Overall, compared with white women, black women had lower levels of VLDL-P (total, large, and small) and higher levels of HDL-C, but other lipid and lipoprotein levels were not different (►Table 2). However, when evaluated in race-PTB groups, both black and white women with PTB had lower levels of VLDL-P compared with their counterparts with term births, adjusted for BMI (►Fig. 2, panel A). Black women with PTB had higher concentrations of large HDL-P and GlycB compared with their counterparts with term births (►Fig. 2, panels B and C). In contrast, neither HDL-P nor GlycB was elevated in white women with preterm versus term births. There were no other race-specific differences in lipids or lipoproteins.
Discussion
In our exploratory nested case-control study, evaluation of lipoproteins and inflammation early in pregnancy revealed what may be important differences related to subsequent PTB. Overall, black women had lower levels of total and small VLDL-P compared with white women, yet both black and white women with PTBs had lower total and small VLDL-P at < 18 weeks' gestation than those without PTB. Furthermore, for both black and white women, concentrations of LDL-P, but not LDL-C, were positively associated with gestational age. In addition, among black women, those with PTB had higher levels of the inflammatory marker GlycB and also higher levels of large HDL-P. These differences were not detected in white women. We can only speculate about the mechanisms that may explain our results. VLDL-P are precursors to LDL-P in the circulation; therefore, lower concentrations may signal an impaired lipid metabolism required for placentation and fetal growth. This is consistent with a previous report of lower concentrations of small, dense VLDL-P in the third trimester among women who delivered growth-restricted infants. 20 We and others have reported that triglycerides may be elevated in women with PTB. [7] [8] [9] 11 Our results here suggest that the lipoprotein and inflammatory differences in women with PTB were particularly robust when evaluated in women with triglycerides above the median, providing some additional insight into the lipid-PTB association.
One study reported excess risk of recurrent PTB associated with larger VLDL-P size assessed at 16 to 21 weeks' gestation. 21 Although we detected no difference in VLDL-P size between women with and without PTB, the lipoprotein characteristics assessed in our study were evaluated in samples collected much earlier in gestation (mean gestational age 9.1 weeks), likely before the most profound VLDL-P changes occur. There is evidence of a blunted triglyceride response in the first half of pregnancy in women with subsequent PTB, 22, 23 and thus, lipoprotein changes across gestation may also be informative. Our cross-sectional data suggest that LDL-P but not LDL-C were positively associated with gestational week in the first half of pregnancy (range: 5-18 weeks). Our results raise the possibility that evaluating lipoprotein particle concentration and size may reveal significant changes that may be masked when only measuring cholesterol content. How these changes, along with low VLDL-P, may be related to PTB are also important, unanswered questions.
Our finding of elevated GlycB (which assesses sialic acid) in the first trimester among women who deliver preterm is consistent with one recent report of elevated sialic acid in maternal plasma collected at delivery among women who delivered preterm versus term, 24 and another that reported excess NMR-measured N-acetyl glycoproteins in maternal plasma collected after delivery of very low birth weight preterm infants. 25 In our exploratory analysis, we found that the association of GlycB with PTB was stronger in women with triglycerides above versus below the median, providing support for the notion that high triglycerides reflect a proinflammatory milieu. Exploratory race-specific analyses showed that the association of PTB with lower VLDL-P was not confounded by race as associations were similar among black and white women. In contrast, the association of higher GlycB and higher large HDL-P with preterm versus term birth was strong among black women, but appeared absent among white women. Potential mechanisms for this racial difference in the association of these markers with PTB are unclear. However, the Dallas Heart Study has reported a racial difference in the relation of HDL indices to atherosclerosis and incident cardiovascular events. 26 Furthermore, an emerging body of evidence has suggested that high levels of inflammation are associated with "dysfunctional" HDL that may be related to atherosclerosis and cardiovascular disease. [27] [28] [29] Whether or how HDL function may be altered during pregnancy is unknown, but the association of high inflammation (GlycB) and high large HDL-P with PTB in our study mirrors a previous report that the combination of high C-reactive protein or high interleukin-6 with high HDL-C identified individuals at high risk for cardiovascular events.
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Our findings must be considered in light of limitations. The study population was small, and results must be replicated in larger populations. We evaluated many markers, and due to small sample size, we were not able to adjust for multiple comparisons. In addition, although our pregnancy samples were nonfasting, adults in modern society spend much of their waking hours in the nonfasting state, and nonfasting levels may better or similarly predict adverse nonpregnancy outcomes such as cardiovascular events than fasting levels. 29 We analyzed lipoproteins at one time point during the first half of pregnancy. The trajectory of change across gestation may also be informative. Larger studies are needed to examine if lipoprotein differences are detectable in cases of spontaneous and indicated PTBs, a distinction that our small study could not examine. Our results suggest that early in pregnancy, women with subsequent PTB have lower levels of VLDL-P than women without PTB. This finding was particularly apparent among women with high triglycerides. LDL-P, but not LDL-C, was positively associated with gestational age. These results raise the possibility that an impaired lipid response required for placentation and fetal growth is involved in the pathogenesis of PTB. Furthermore, black-white differences in the lipoprotein profile in the first trimester (lower VLDL-P and higher HDL-C) were similar to findings in nonpregnant women. However, the race-specific associations of higher large HDL-P (but not HDL-C) and GlycB with PTB suggest a possible role for dysfunctional HDL that warrants further study. 
